Healthcare today is facing constant pressure to decrease waste and reduce cost. Improving efficiency, safety, and quality is the reason for implementing an electronic medical record (EMR). However, studies have shown variable impact. [1] [2] [3] [4] [5] [6] [7] At OSF HealthCare System in Peoria, IL, the EMR vendor, IDX Corporation (GE Healthcare, Seattle, WA), issued a press release 8 stating that on average, a nurse using a paper-based documentation system spends about 30% of his/her time-more than 3 hours out of each 12-hour shift-on documentation. Using online documentation reduced that proportion by 50%, freeing up an additional 1.5 hours per nurse per 12-hour shift. The premise is that the EMR will reduce the time that nurses spend on documentation and free up more time for patient care.
Many questions and comments were made about the impact that the EMR had on a nurse's time at the OSF HealthCare System as it was installing an EMR in its six hospitals. As a practical issue, management wanted to ascertain the net impact of the EMR on the amount of time that nurses spent doing documentation. Because of these discussions, the decision was to conduct a study assessing the impact of the EMR on the amount of time that nurses use for documentation at the site where the EMR was last to be installed.
BACKGROUND
When Hemby and White 9 researched bedside information systems in 1997, they discovered that many commercial vendors provided marketing material supporting their performance claims consisting of vendorsponsored studies for benefit analysis. They found that independent research studies were limited and difficult to replicate, leading to the conclusion that there was little actual evidence to verify the clinical and administrative impact of an EMR.
Bosman et al 10 performed work measurement in an 18-bed ICU for postoperative cardiothoracic patients. At the time of the study, the ICU was doing concurrent charting. Their study segmented the ICU patients into two groups. One group was charted using an EMR, and the other was charted using a paper medical record. Of interest is that they separated the RN time for the Work sampling measured nurse documentation time before and after the implementation of an electronic medical record on a medical-surgical nursing unit. Documentation was separated into subprocesses of admissions, discharges, and routine/daily documentations. Production rate of documentation time is defined and measured.
The results indicate that there is no difference in documentation time between pre-electronic medical record and post-electronic medical record for admissions and routine/daily documentation time. Post-electronic medical record documentation time was longer than that in the pre-electronic medical record for patients discharged to a nursing home. It was demonstrated that the electronic medical record may reduce documentation time after the adoption of computerized physician order entry.
charting of the admission from the other routine charting tasks. Of significance is their temporal analysis of the documentation time for the first 24 hours of the patient stay in the ICU.
Their results showed that the EMR admission documentation time, 18.1 minutes, was 1.3 minutes longer than the paper chart admission documentation time, 16.8 minutes. However, at the 95% confidence interval (CI), this is not a significant difference.
Their temporal analysis showed different results. They acknowledged that the amount of data generated by a postoperative patient after cardiothoracic surgery is usually greatest after the initial transfer and admission to the ICU. For both their patient groups, the amount of nursing documentation time decreased the longer the patient stayed in the ICU, that is, more than the initial 24 hours of patient stay. For this clinical documentation period, Bosman et al 10 reported that the EMR reduced the amount of clinical documentation time over the paper record. They reported the documentation time as proportion of total nursing time, and the values were 14.4% and 20.5% for the EMR and paper chart, respectively.
What they did not consider is how census variation may have affected the difference. The patient-to-staff ratio for their ICU is 2:1. The number of patients in the study was 145, with 71 patients in the EMR group and 74 patients in the paper documentation group. The median length of stay for all patients in the ICU was 22 hours. This means that there were periods when the nurse would have had only one patient and would not do as much documentation as when two patients were available. The authors did not report the patient volumes, for example, total number of patient hours in the ICU, for the two groups. A difference in the patient load between the two groups would influence the net proportion difference in the nurse documentation time.
At Cedars-Sinai Medical Center, work measurement on a single intrapartum unit assessed RN documentation time. The unit had 20 rooms: 12 labor-delivery rooms and eight labor rooms. Korst et al 11 used work sampling to determine the proportion of time that the nursing staff spent on documentation and other patient care and non-patient care activities. They conducted their study during the implementation of an EMR system, in which nurses performed double charting. Their sampling plan consisted of recording staff activities at random blocks of time, each spanning about 4 hours. Their categories of nursing activities included documentation, bedside care, bedside supportive care, nonbedside care, and non-patient care.
They generated a 95% CI, with the true mean proportion lying within T2% of the sample estimate derived from a total sample size of 2100 observations. During their work measurement, they delineated between paper documentation and electronic record keeping but did not report the two separately. Their results showed that the proportion of nurse time spent on documentation is 15.79%. Documentation on the paper chart was 10.55%, and the EMR was 5.24%. Korst et al 11 acknowledged a difference in documentation time on the day and night shifts. During the day, documentation amounted to 19.17% of nurses' time; on the night shift, the ratio was 12.41%.
The Cedars-Sinai authors acknowledged that the number of patients on the unit influenced the amount of documentation and recorded that statistic. However, they did not allow for the census variation in their work sampling and in the reduced data. They did not report results of the impact of census variation on documentation time.
Korst et al 11 documented that the median number of deliveries and nurses varied slightly by shift. The unit median number of nurses was nine nurses during the day and eight nurses on nights for the work sampling period. For the corresponding period, during the day shift, the median number of deliveries was three deliveries, and at night, the median was one delivery. The median patient census showed considerable variation between the two shifts. The median day census was 10 patients, and the median night census was four patients. However, the Cedars-Sinai authors stratified the data into periods when the staff were busy or not busy. The busy period was defined as a time when the patient census was nine patients or more. They reported that the amount of time spent on documentation did not appear to vary with the census.
Bosman et al 10 and Korst et al 11 recognized several general factors that influence the proportion of staff time spent on documentation: (1) the mix in the staff, (2) the type of unit, and (3) the amount of activity on that unit. They also recognized seasonal variation in the documentation time, as the amount of nurse time spent on patient documentation was sensitive to the time of day (shift). They also recognized and acknowledged census variation influence on the amount of nurse documentation time but did not present documentation time as a function of patient activity. The purpose of this article was to present a methodology that is more descriptive of quantifying the impact of an EMR on nurse documentation time and to expand on the work of Bosman et al 10 and Korst et al. 11 Similar to Bosman et al, 10 this article separates documentation into discrete activities of admissions and discharges. Like Korst et al, 11 this article also demonstrates how documentation varies by the time of day. The article presents a method of correlating documentation time to census. The result is a rate of documentation time per patient per hour. After compiling the relevant pre-EMR and post-EMR statistics, the null hypothesis that there is no difference in documentation time between the paper chart and EMR is tested. The aim was to evaluate the impact of an EMR using a sideby-side comparison of like statistics.
METHODS
The objective of the study was to refine and present a methodology for the measurement of the benefit of EMR on the amount of time that nurses spend on documentation. This study quantifies the amount of nurse documentation time for admissions, discharges, and patient charting. The results are compared pre-EMR and post-EMR for an impact assessment.
In July 2004, before the implementation of the IDX CareCast EMR at OSF HealthCare System, work sampling assessed the amount of time that nurses spent on patient documentation. Work measurement was limited to one medical-surgical nursing unit at OSF Saint Anthony Medical Center in Rockford, IL. One year later, the same methodology reassessed the amount of time that nurses spend on documentation on the same nursing unit after the implementation of the EMR. The goal is to estimate the realized benefit of an EMR on the time that nurses spend on patient documentation.
The methodology delineates documentation into the subprocesses of admissions, discharges (these documentation activities are discrete events that have a defined beginning and an end), and routine or daily patient documentation (a continuous and ongoing process occurring throughout the day). Admissions and discharges are fixed functions; every patient has one of each. Routine or daily charting is more of a variable activity and depends on the number of patients on the unit.
Unlike direct time study, which measures the elapsed time for a task, work sampling identifies which nursing task is being performed at a given instant. The ratio of the number of observations for this task to the total number of observations for the sample gives the proportion of time spent on the task. 12 Work sampling assesses the amount of time that nurses spend on documentation as a proportion of the number of RNs observed doing documentation tallied to the total number of observations recorded. The amount of time spent on the task is the product of this proportion and the number of RN hours (the number of RNs multiplied by the elapsed time for the work sampling) observed.
At the beginning of each work sampling session, a census report was printed, which allowed correlating the number of observations to the census during the work sampling. It also listed patients admitted and discharged. To maintain patient privacy, bed numbers identified patients.
Work Measurement
Work sampling is a group timing technique that records the discrete activity that each person, that is, the floor nurse, is doing. The task lists are the same for the pre-EMR and post-EMR work sampling. The work measurement is in 4-hour blocks of time. These blocks covered all shifts. Over an extended period of several weeks, enough observations allowed for a 95% CI of 2.5% to include the true mean for routine documentation using the relationship n = p(1 j p)/A p 2 , where p is the expected percentage of the time required for the tasks. In each work sampling session, one observer made contiguous observations of the nursing staff. The number of RNs observed at a time ranged from four to eight. Assigned to each nurse was an identification number. The sampling plan simply followed the numerical sequence of observing which task the nurses were doing. Once the numerical sequence was complete and each nurse had a task identified, a new cycle would resume with the first nurse. Depending on the number of RNs and their patient load, the average cycle time was 5 to 6.5 minutes.
The work sampling excluded nurses working on the unit as preceptors and orienting RNs. Similarly, patients tended to by the preceptor and orienting RNs are not included in volume statistics. Also excluded from the sampling plan are the admission nurses because they admit many patients off the unit, for example, in the emergency department.
Work sampling was performed twice on the same medical-surgical nursing unit. The initial study occured just before the implementation of the EMR, and the follow-up study was conducted about 1 year after the implementation of the EMR. The difference of 1 year was arbitrary, because the time was convenient. The intent was to conduct the work sampling well after the implementation of the EMR when the staff was far into the learning curve. The sampling methodology was consistent for both periods.
The pre-EMR work measurement included 12 time blocks, which covered more than 220 RN hours worked. The average pre-EMR patient census was 20.3 during the observed series. The post-EMR work sampling had an observed average census of 26.5 patients and observed 260 RN hours worked from 15 time blocks.
Nursing Tasks
Similar to the Cedars-Sinai methodology, RN tasks are assigned to the broad documentation categories of documentation, direct care, indirect bedside, and other patient-and non-patient-related activities.
The documentation category is further broken into subgroups of admission, discharge, and routine documentation. The EMR was implemented, but compu-terized physician order entry (CPOE) was not. Even after the IDX implementation, physicians continued to write orders on paper. Consequently, nurses referred to the paper chart often to verify and confirm their work list and confirm that the orders in the EMR complemented the orders in the paper chart. Table 1 lists the nursing tasks used in the work sampling. The table also provides a general description or examples of the tasks.
The focus was on the amount (proportion) of nursing time spent on documentation. The observed staff included RNs scheduled to the unit for shift and RNs who ''float'' to the unit. Each observation listed the (1) RN identified by a number, (2) general category of care, (3) task within the category, (4) subtask if applicable, (5) notes (usually the location of the patient), and (6) sequence number of the observation. The data collection used a PDA and SamplePro software (Applied Computer Services, Englewood, CO). The collected data were then uploaded into a spreadsheet for data reduction.
Data reduction of the work sampling data tallied the number of observations for the respective task and multiplied it by the number of minutes between observations to derive the estimate of time for the respective activity for that patient.
Statistical Technique
The test for the difference between proportions is used to evaluate the significance between the pre-EMR and post-EMR work sampling results. To determine if a significant difference exists in documentation time for admissions and discharges, a test for the difference between means is applied.
Routine documentation is a continuous process. The total amount of time spent for this documentation depends largely on the unit's census. The total amount of nursing time for routine documentation is then correlated to the census. Robust regression 13 is used to determine the pre-EMR and post-EMR rates of documentation time. The statistic used in the regression analysis is the number of routine documentation minutes per patient per hour. These data are for the respective time blocks used in the work sampling. Interactive terms are used to assess the influence of shift (time of the day) and the impact of the EMR on the pre-EMR rate of documentation time per patient per hour. To evaluate the significance of the impact of these variables, the standard errors of the regression interaction terms are used. It is given that the residuals are normally distributed. Compilation of the statistics and tests of hypothesis used the Number Cruncher Statistical System (NCSS, Kaysville, UT). Table 2 presents the pre-EMR and post-IDX work sampling data summarized by category for the RNs. A simple test for the difference in proportions for each of the four categories showed a significantly different change with the implementation of the EMR. The proportion for documentation and indirect care increased, while the proportion of time for direct patient care and other activities decreased.
T a b l e 1

RESULTS
Documentation Time
The midnight census is a financial statistic. It is usually smaller than the peak census, which occurs around midday. The census variation depends on the time of patient arrivals and patient discharges, and every nurse knows that the time required for the admission and discharge processes can be lengthy. Table 3 is a breakdown of the work sampling data for the documentation category. It separates the pre-EMR and post-EMR observations into admissions, discharges, and routine documentations. For the post-EMR, it also identifies if the observations are of the paper chart or the EMR. The patient bed number is included in each observation. This allows for associating the activity with a specific entity and compiling the statistics for the respective tasks and processes.
After the work sampling was completed, the RN documentation was distributed by hour of the day in a histogram of the hourly percentage of total nursing time (Figure 1 ). In Figure 1 the solid bars depict routine documentation tasks, with the lighter bars representing time documenting admissions and discharges. Figure 1 illustrates that most of the time for admission and discharge documentation occurred from noon to 2 PM, coinciding with the peak in the hospital census. The admission and discharge documentation data represent the time spent by the floor RNs. They do not include the work done by the admission team nurses. The graph is significant because it illustrates the variation in the hourly proportion of nursing documentation time allocated to routine charting contrasted to admissions and discharge documentation.
Combining the proportion of time spent on tasks and multiplying that by the time for the sample period gives the total amount of time spent on the tasks. Dividing this amount by the number of units, that is, discharges, admissions, or patients, gives the time per unit.
To determine if there is a significant difference between the pre-EMR and post-EMR documentation time for admissions and discharges, a test for the difference between means was used. Only data for admissions and discharges observed from beginning to end were included in the tests of differences. Excluded were partially observed patient admissions and discharges. Table 4 summarizes the mean admission documentation time pre-EMR and post-EMR by the floor RNs.
Patient discharge data were compiled the same way. However, discharges were separated into two groups because of distinct variations in the documentation time. One group included patients discharged to go home, and the other group included patients discharged to a nursing home. Table 5 displays the average time per discharge for patients discharged home. discharged to a nursing home. The times in Tables 5  and 6 represent only the discharge documentation. The time for the disassembly of the patient's paper chart, which can take an additional 3 to 5 minutes, was excluded.
A test for the difference between means concludes that there is no significant difference between the pre-EMR and post-EMR documentation time for the admission process and nurse documentation time of a patient discharged home (P = .32 and P = .25, respectively). Only nursing documentation of a patient discharged to a nursing home showed a significant difference in time. The post-EMR documentation time was more than twice as long as the pre-EMR documentation time (P = .02).
Admission and discharge processes are discrete. They have a beginning and an end. Daily documentation is a continuous process. It is ongoing as long as the patient is in the hospital.
Routine or Daily Patient Documentation
From each work sampling time block, the total number of minutes for routine documentation time was correlated with the patient census for time block. Regression was used to estimate the expected time for documentation per patient per hour. Each regression observation included a variable identifying whether was pre-or post-EMR. Similarly, an interaction term represented the respective shift for the data point. The pre-EMR amount of time for routine daily documentation was 3.1 minutes per patient per hour during the first and second shifts. The documentation rate on the third shift was less. Nurse documentation on the third shift computed to 1.9 minutes per patient per hour pre-EMR.
The post-EMR amount of time for daily documentation was 2.9 minutes per patient per hour and was not significantly different from 3.1 minutes per patient per hour (P = .46). The conclusion was that there is no change in the time that RNs spend on routine documentation after the implementation of the EMR. Again, the post-EMR documentation included both the time for the EMR and continued maintenance of the paper chart.
DISCUSSION
The methodology used expanded on the work measurement data and provided for census variation. The information was correlated with volume data to assess the net impact of EMR on the amount of time that nurses spent on documentation for select subprocesses. One reason for determining documentation time for admissions, discharges, and routine documentation subprocesses is seasonal variation (hour of the day and shift) in documentation. Practitioners must be careful when establishing sampling plans for work measurement to prevent unwarranted bias. Separating documentation into admissions and discharges allows for a direct comparison for a benefit realization of the EMR. Similarly, comparing the number of minutes per patient per hour for routine documentation allows for an impact analysis of the EMR. Physician order entry is not yet an automated process, and the paper chart is maintained post-EMR. The documentation associated with the paper chart can be expected to be eliminated with the adoption of CPOE. However, the expected impact of CPOE on documentation time can be estimated. The work measurement identified how much of an RN's time was for the paper chart post-EMR. The reason for the continued use of the paper chart is that physicians write orders that are entered into the paper chart. The RNs are then responsible for verifying their EMR work list to the paper chart. Nurse time associated with maintaining the paper chart should be eliminated with the adoption of CPOE.
Inpatient Admission Documentation-Time in Minutes
The post-EMR routine documentation time dedicated to the paper chart was 14.2% (92 observations divided by 647 observations). These data can be used to provide an estimate of the post-EMR routine documentation time after the adoption of CPOE. Regression analysis was used to quantify the expected impact of the EMR after the adoption of CPOE. The resulting estimate is of the interaction term assessing the impact of the CPOE with the EMR. The parameter of the interaction term is j0.8, with P = .08, which means that the EMR was approaching but did not achieve a statistically significant improvement in routine documentation time. The net reduction was about 0.8 minutes per patient per hour from the pre-EMR time. The expected documentation rate was 2.3 minutes per patient per hour after the implementation of both the EMR and CPOE. This was for documentation on the first and second shifts. The third shift had a rate of documentation of 1.8 minutes per patient per hour. No significant difference attributed to the EMR and CPOE was determined for the third shift. Figure 2 illustrates the pre-EMR, post-EMR, and post-EMR with CPOE relationships.
Nurses will continue to have some responsibility for physician orders even after the adoption of CPOE. Nevertheless, the analysis estimated a limit of 0.8 minutes per patient per hour reduction in nurse documentation time associated with the CPOE. This value can be expected and used for the justification of a CPOE. The authors encourage other investigators to verify this benefit associated with CPOE.
Using only the work sampling data, the conclusion was that the EMR actually increases the amount of documentation. Separating the documentation into admissions, discharges, and routine tasks made it easier to evaluate these activities as subprocesses rather than as a collective entity of documentation time. To the best of their knowledge, the authors believe that this study is unique because of the following:
We separated documentation time into the processes for admissions, discharges, and routine nurse documentation tasks. We recognized the seasonal variation in documentation time by hour of the day and shift. We correlated routine documentation time to the variance in patient volume. This resulted in a production rate of documentation time per patient per hour by shift. The expected impact of an EMR after adoption of a CPOE was estimated using nurse paper documentation time post-EMR implementation.
The combination of post-EMR admission and discharge documentation was not much different from pre-EMR. However, discharge documentation for patients The discharge time excludes the disassembly of the chart. discharged to a nursing home takes considerably more time post-EMR. The reasons for this were not explored, but it warrants attention for future methods or process improvement. The difference between the pre-EMR and post-EMR routine documentation time was not statistically significant. It must be noted that the post-EMR time also included continued maintenance of the paper chart for physician orders. Our hypothesis is that the implementation of a CPOE will help to realize a benefit of the EMR in reducing nurse documentation time.
Continuing the paper chart negates time-saving benefits associated with the implementation of an EMR. Research has demonstrated that the EMR can reduce documentation time by an estimated 0.8 minutes per patient per hour, a reduction of 25%, after the adoption of the CPOE. Although the number of documentation minutes per patient per hour is small, it equates to a reduction in nurse documentation time of almost 6 hours for the medical-surgical unit for a day. This is for a census of 28 patients projected over 24 hours. This amounts to one RN full-time equivalent per week freed to do other professional work. Korst et al 11 suggested that the savings in nurse documentation time could be substantial. 14 
CONCLUSION
The amount of documentation time depends on the workload, but it varies by hour of the day. Assesing the impact of an EMR requires measurement of the workload while mitigating as many factors that influence the amount of patient documentation as possible. Work sampling measured the amount of nursing documentation time. The work sampling results were correlated to patient volume and found to be sensitive to the time of day. Although routine documentation constitutes the greater portion of the nurses' documentation activities, admissions and discharges represent a smaller but substantial amount of time. For admissions, no significant decrease was associated with the EMR. The null hypoth-esis that the EMR does not reduce nurse documentation time is accepted, but with the exception of RN documentation time for patients discharged to a nursing home. Unfortunately, the documentation time for those patients increased with the implementation of the EMR.
The adoption of CPOE should eliminate work and reduce documentation time. Further investigation is recommended on the impact of the CPOE after its implementation.
